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Recent’..  •  forath  and  Klodin  (X)  rcpart-nd  on  a  hi: rue  a..i 
method  of  den; ding  biological  material  *.rith  ihe  help  of  bexhren 
This  method  in  based  upon  the  v;ell-hno;.*n  column  chromatograph/  tcc'.vni- 
guo  in  *.vhich  the  stationary  phone  in  a  :v..;r  synthetic  gel  tyno.  '...-no 
{’.outran  gels  consist  of  hprophile  polynr.cchavion  or.?  .ins  v:hich  arc  inter¬ 
laced.  '/no  try -too  of  inter  .Lattice  in  vevy  c->nainnt  •..?:.  thin  the  indivld- 
.•  ve  no  active  ion  yo.;-  iny,  me  r.onnoluable  ir.  v:ntcr, 
affinity  for  v.'ato:n.  ':;ho  dr.  ;_-ec:  of  cnennoioxi  of  the 
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The  desalting  an  v;cll  an  the  fractionation  of  eubetancce  *.vith 
doxtran  yds  in  based  mainly  upon  the  differences  in  their  molecular 
size.  V.h.cn  a  substance  mixture  is  filtered  through  a  column  paclced 
v.lth  a  doxtr.on  gd,  the  larger  molecules  migrate  faster  than  those  of 
smaller  dimer:  :ionn.  In  certain  approximation  ana  in  the  practical  ap¬ 
plication  of  those  methods,  the  molecular  -weight  can  be  compared  instead 
of  molecular  nine.  Therefore  if  the  difference  of  the  molecular  vraightc 
of  subsi-  sees  is  sui’ficicntiy  great,  their  complcto  separation  is  pos¬ 
sible  v/i  fa  tnis  gel  filtration.  In  this  ease,  a  molecule  sieve  effect 
is  the  main  principle  and  the  chromatographic  process  in  its  classical 
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!.L:V”  -  of  1  v.  bi/jus  , 

r  n:;;  .••■•id  c r  ::  ,’vo  :  !■- 

fiii/tv  tcckui  sac  (2-10).  Furik  :•  .  ■-. 
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vest  M’.’.c  or  difficulty,  as  o  ';,.;:: 

ci.ro r.atogrsphy  or  in  cloc tro phoresis .  -.he 
entjy  •..!  bh  regard  to  biological  subs  dances 
sustained  (4-3 )  • 
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Juiowlcugc  of  this  gel’  filtration  led  us  to  com '.net  di.o 

follovring  experiments  on  the  use  of  thin  tech  d  ;uc  for  desalting  of  v  v- 
ions  virus  suspensions •  The  method  so:.  \r.&  to  us  to  be  p:rv  uicvlsriy  use¬ 
ful  v.ith  respect  to  the  concentration  o virv.;  -..ncionc  with  e  nonius: 

s aloha te  and  in  the  ads  oration  of  the  foot  .....;dh  due  ease  vires  on 
*  *  , 
aluminium  hydroxide  end  subsequent  chufon  .f.bk  1/3  phosphate  suffer, 

p.t  =  7.5  (11) •  Y.e  were  looldLng  for  a  full-scale  re  :l:-ce.;cnu  for  the 
•  * 

customary  dialysis,  .which  often  loud:;  to  ; ;r oat  losses  ir  ir.  factiousness 
and  has  certain  other  disadvantages  as  .veil.  In  order  to  a:  tain  a  broad 
bases,  we  examined  the  behavior  of  viruses  of  various  cri;;i.»,  differing 
structuring  and  characteristics,  and  suspended  In  various  auxins  solu¬ 
tions,  during  gel  filtration.  In  addition  to  the  Hercastle  cisomo  vi¬ 
rus  (HDV)  and  the  virus  of  pigeonpox  (T/v),  our  experiments  deal-  vainly 
v.ith  the  contagious  swine  paralysis  (polioenccphalomysjLitis  ensoouioa 
suum)  virus  (Tcschcnvirus)  and  the  virus  of  foot  and  ir.ov.th  disease  f  33). 

liauerials  end  Methods 

Virus  material:  For  examination  of  the  smaller  typos  of  virus, 
we  used  mouse  and  culture  viruses  of  the  IHS  strain  ,:02-Brescia:i  ns  -.ell 

as  culture  viruses  of  contagious  evine  paralysis  (Teschener  Disease), 
strain  IConratice. 

The  HIS  mouse  virus  came  from  a  10#  extract  in  culture  medium  Ho. 
2  (12),  wliich  was  produced  from  heart  and  skeletal  muscles  of  now- born 
mice  of  the  35th  serial  passage  of  the  virus  in  nice.  The  HIS  culture 
virus  used  was  the  2Cth  serial  passage  of  virus  in  cultures  of  swine 
kidney  colls.  The  virus  medium  used  here  was  VI!  3a  (12).  The  virus 
material  was  stored  at  -20°C  until  the  start  of  the  experiment.  The 
melted  mouse  material  was  always  partially  purified  by  diluting  it  with 
50#  chloroform  (p.A.),  shaking  for  30  minutes  at  +  4°C  and  followed  by 
slow  centrifugation.  The  culture  liquids  were  only  centrifuged  for  10 
minutes  at  7000  r.p.m.  in  order  to  remove  cell  materials.  In  both  eases. 
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Preparation  of  dentran  gel  and  column:  In  oar  craorinenus  we 
uccd  as  the  dcxtran  gel  Sephadex  G  25  (Pharmacia,  Uppsala,  Sweden)  with 
a  tumefaction  factor  of  2.3  grans  rater/ gran  dry  natter  and  a  grain  size 
(dry)  of  50-270  mesh. 

The  dry  Sephadex  was  suspended  in  a  1/  solution  of  sodium  chlo¬ 
ride  for  steeping.  After  about  one  hour,  we  removed  very  fine  grain 
material  through  repeated  trashing  and  decanting  of  the  gel  substance  with 
distilled  rater,  he  then  removed  the  snail  air  bubbles  clinging  to  the 
gel  suspended  in  rater  through  brief  evactuation  in  a  suction  bottle. 
Chromatographic  columns  wore  then  filled  with  this  gel  suspension.  The 
column  diameter  v:as  1.5  cm  and  the  column  length  35-39  cm.  In  all  ex¬ 
periments,  re  computed  from  the  column  diameter  (d)  and  the  column  * 
length  (L)  which  the  Sephadex  gel  filled,  the  total  gel  volume  (Vt=lf _.L) . 

4 

-his  value  ras  controlled  by  measuring  the  volume  of  the  column  filled 
only  with  distilled  rater.  In  the  main  experiments,  the  computed  and  the 
measured  total  gel  volumn  ras  =  62-69  milliliter.  In  comparison  tests 

with  I JBV,  TPV  and  US  viruses,  we  also  used  smaller  columns  with  a  value 
of  =  25  milliliter*  7/e  determined  the  empty  volume  (VQ)  of  the  columns 

in  prior  tests  with  hemoglobin,  which,  as  a  high-molecular  protein  (molec¬ 
ular  weight  63,CC0),  reacts  indifferently  to  the  Sephadex  gel.  Because 
of  its  orown-red  color,  hemoglobin  is  also  a  good  indicator  for  the  elu- 
triation  of  the  virus. 


The  hemoglobin  was  aioolved  to  O.lfj  in  physiological,  m/90  phos¬ 
phate-buffered  Sodium  chloride  solution,  ptT  =  7*6  (phys  NaCl-solution) . 
After  slow  centrifugation,  we  brought  5  milliliter  of  the  clear  O.ljS 
hemoglobin  solution  drop-wise  into  a  column  packed  with  gel,  which  had 
boon  well  washed  with  NuCl  solution.  After  the  hemoglobin  solution  had 
act,  wc  eluted  the  blood  pigmentation  material  and  took  off  the  eluent 
in  fractions  of  3  milliliter.  These  fractions  were  then  measured  individ¬ 
ual  in  an  ultraviolet  sprectrophotometer  at  2S0  millimicron.  If  the  e:c- 
•-inctions  are  plotted  graphically  to  the  elution  volume  in  a  graph,  then 
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ncl  Was  filled  ..i>-h  swrilc,  Chloro.'o.:.::~s:i...  be.  .  ..hyw.  .'  L’X  .-o^.ubi.n". 
on  the  c .lay  precedin'-;  art  experiment.  .her.  :V  :•  •  :.o  '/sir.  .....  h.-  v.c 

forced  this  cut  of  the  gel  qunn  ti  *jC-.  C*.L Vf*.i  *.*'  ...  .  . ;  *  h.i  p; 

NaCI  solution,  again  taking  vi’CCC  XI  CxZ.'.C  2.0.:*  .  I  r.5. v,fm  ..  •  .....  ,/■  1 '  . 

located  at  the  loser  end  of  our  chrc;.;ri  ogre  .hie  coiu.ai  bh„.L  .  j  could 
receive  ;our  fraction  primary  in  a  sterile  condition.  By  ohsc-'-.vhr;  rtcr- 

Leve  a  germ-free  work. 


ile  precautions,  it  was  no  difficulty  t.o 


V.re  disinfected  the  Sephadex  con.ui.sn  folic. .In,:-  an  experiment  with 
virus  using  a  %  Formalin  solution  which  wo  allowed  to  rc:.;ain  is: 
column  over  night. 

Determining  degree  of  infcctAonsncss;  Vo  deter..-.:v- ed  the  ir.Vc- 
tiousness  of  the  V//3  virus  through  intra-p-ritoncal  i:.s.ran:lr:-tior*  of  ^-7 
day  old  mice.  the  Teschon  virus  was  tit  re  bed  in  swine  la^isc;’  c;ul turcs, 
NDV  and  TPV  in  incubated  chicken  eggs  by  injection  into  the  all:  niois 
cavity  or  the  chorion  membrane.  All  titrations  were  conducted  with  di¬ 
lutions  in  stages  of  potentials  of  10.  Ve  computed  the  titers  accordin' 
to  Behrens  and  ICarbcr  (13).  They  are  based  upon  0.1  milliliter  of  the 
starting  material  described  under  "experiments  and  results"  (hlBcn  = 

I.'dcc-ID50;  iriD50  “  Cultur-ID^j  EID^  *  Egg  ID^). 

Analytical  determination:  The  ammonium  sulphate  ir.  the  individ¬ 
ual  fractions  was  determined  by  distillation  in  a  half  mi cr o-3g  cldahi 
apparatus.  Titration  was  determined  with  n/70  hydrochloric  acid  in 
boric  acid. 

Vc  performed  the  phosphate  determination  according  to  the  molyb¬ 
date  method  of  Fiske  and  Subbarow  (14),  but  used  ascorbic  acid  as  the 
reduction  medium.  - 
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Exporiv.m.t  ::I2>-Xn.  Mi'3  mouse  material  .verified  with  chloroform 
v;aa  dillutcd  mX  Oil  ^  O*.#  mwAX  ’*•<.  j  pj«  *"  /  •  Pi  .U  s/0  3U0 

milliliters  of  this  suspension  v;c  .•■elded,  drop-v.lse  arid  during  sfcr  lir.g, 

300  mi llilit ore  or  serrated  owm/oniur.  sulphate.  r-;  =  3.4.  The  *.%•  value 

of  the  mixture  (5-4  r  .'.monium  su'lph-  be  satvr-  bion)  then  mounted  to. 7. 3* 
After  one  hover’  At  •:•  4°C,  •  there  duvoXoped  a  strong  clouding  widen  sedi¬ 
mented  after  90  minutes  in  rotor  21  of  c  preparation  Spinco-Ultrr.cca'hri- 
j. ugc  at  fto y  vwO  i* •  /.j.  ucr  c»*xo  scwimcnt  . . * 1  * .  boon  absor  sect  in  o  nULi— 

liters  of  die  billed  water,  w*e  allowed  it  to  wit  over  night  r.t  •;•  4°G  end 
cleared  it  for  13  minutes  in  the  laboratory  centrifuge  prior  to  the  start 
of  experiment  in  the  morning.  The  clear  virus*eonwainiag  remnant  (5 
milliliters)  v.dth  a  -.jD^q  value  of  1C*"5»90  VTL-  xlsq&  as  the  starting  ma¬ 
terial  for  the  desalting  tests  •with  the  Sonhadex  gel  G  25. 

Experiment  ?cachcn-3a.  To  3.5  milliliter  Tecchen  culture  virus 
VC  added,  drcp-v.-icc,  1.5  milliliter  saturated  ammonium  sulphate,  p*,  >  7.4. 

This  virus  suspension  was  centrifuged  slowly  for  ten  minutes  for  cloarin 
5  milliliter  of  the  clear,  virus-containing  remnant  with  a  KH>rA  value  0 

-6  <  50 
10  *P  True  used  as  tho  starting  material  for  the  desalting. 


cracienus  can  oe  cieariy  seen  in  the  elution  diagram.  The  initial 
value  of  ID  20  i=  reached  in  one  fraction  for  each  of  the  two  types  of 

virus.  If  the  virus  titer  of  the  individual  fractions  is  compared  to  the 
final  volume,  it  can  be  seen  that  no  loss  of  virus  occurred  in  the  desa]  i>- 
ir.g.  The  agreement  between  the  two  tests,  which  was  also  shown  in  numer¬ 
ous  other  tests,  is  clear.  The  peak  of  tho  virus  titer  is  also  identical 
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of  the  virus  grr  lionts  end  the  peed  ;  cP  ;ha  corr--..;,.  "'.w .; ; 
iente  in  tests  5*-  end  4c  is  identic-..!  the  d.h“  "  ...  .he  e/. 

cescrxcca  aesos  - .a  -nc  pa*  ;rxs  i.**.-.. j>  ^..e  a. ...  •--Xw.i'  vxen  c  .  no.’.j 
Por  ammonium  sulphate  nr. c  the  necor.e*  ry  noci.r.;  pho:..  .r.vo/.'ri: r.ry  sotiu. 
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Co.-nmison  tests  with  ;'07,  H-7  and-  v*.  •  • 


In  order  to  determine  that  the  s.:;:1.!  virus;..  end;  n-;.  .  ..  vi 
and  Tccchon  virus  were  no  diiVorcnt,  Ivut  thrt  the  lipoid-s.  ;  *.  . 

large  viruses  .also  behaved  iudiiTcrently-  to  g.phadc*  gel  n;u  vn.-.t 
v;crc  also  identical  in  this  respect,  v/c  cob.  ,• -.-ob  the  •’•!>  virus  ;hLth  bb 
and  i’PV  in  additional  tests.  For  ihiswc  used  coliouu;  oi*  lesser  *.>ru;.. 
(Vt  *  25  al)*  "his  time  the  pre-treatmeni  and  elution  o'  the  ;oi  ..  ., 

done  vdlth  distilled  water  which  v/r.s  brought  to  a  n..  value  or  7. 5  -..ith 

*  *i 

few  drops  of  1/10  n  JiuOJi.  The  saline  grac’d,  a  us,  widen  hare  r:vu  c:; ;  la 
electrolyte  aisturcs  (culture  .mediums  and  c  ;g  liquids),  bare  desar. d:.^. 
through  conductivity  measurements  or  the  individual  rraebica.;. 

Illustration  3  shows  the  results  of  th^sc  ec.;vris«n  to  as.  ...'. 
throe  types  or  virus  have  the  souse  elution  volume. .  Vheir  ^-eal.  •  ;-.v 
identical  and  no  loss  of  virus  occurred  during  the  dcsaluing.  This  de. 
strated  that  the  desalting  is  independent  or  the  virus  size  and  virus 
structure* 
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numerous  pnsxri.cuim.oas  (->.— -  «u 
have  boon  p*.u\lficd  or  desalted  wich  th¬ 
ing  of  vi'-us  suspensions  without  loan  o..V  lines Xousaoss  is  ;.oi  ..ossible 

in  coat  cases  by  uusns  of  the  usual  Uisitexs  In  cello  .;v  no  ;:. . .erases, 

partic*ilarly  in  the  ease  of  very  labile  viruses  such  .as  that  of  ::F3. 
Furthermore,  it  is  tine  cor.su.Xn;:  ar.d  not  suitable  for  snail  volumes. 

Gel  filtration  with  Scphaccx  G  25  as  the  carrier  medium  proved  to  be  very 
practice!  in  those  eases  and  offered  other  possible  advantages  in  other 
processes. 

V.o  Iv.v/e  shown  with  our  .experiments  that  such  labile  'Viruses  as 
shot  of  ",]3  can  be  desalted  very  '.roll  rr.d  without  loss  cf  inf acticusr.ess • 
Other  types  of  virus,  such  as  the  Tcschon  virus,  irmvcastlo  Disease  virus 
and  the  virus  of  pigeon  pox  retained  ikeiv  full  activity  during  desaltin'*. 
Since  the  elution  volume  of  these  viruses  (Illustration  3)  arc  erual  to 
each  other  and  also  hemoglobin  ns  do tor. lined  in  pre-tests,  it  can  be  con¬ 
cluded  that  Sephndox  gel  G  25  does  not  react  with  the  viruses.  The  purl: 
of  the  elution  volume  for  each  virus  component  corresponds  to  the  empty 
volume  V®.  The  11*3  end  the  fesehen  viruses  are  among  the  smallest  pres¬ 
ently  known  viruses  whereas  NKV  and  TPV  vary  from  those  first  name,  in 
molecular  weight  by  a  factor  of  about  102  -  103.  Furthermore,  the;  chem¬ 
ical  composition  of  I&V  and  TPV  i3  much  more  complex  tiian  that  of  ;IjS  and 
Tischcn  virus.  In  that  we  examined  widely  differing  viruses,  it  can  be 
concluded  that  the  gel  filtration  technique  can  be  used  for  the  desalting 
of  all  types  of  virus,  irregardlccs  of  their  molecular  sisc  and  chemical 
structure. 

:  One  additional  advantage  of  this  method  is  the  rapid  and  exact  ’ 

-  7  - 


v.*j.  L*.  .1. 

i  ‘i  U«'U.  U  U  •  ... 


r>o  v  ...... i i*x *  «'»v, 

Tor  uc^c-lUlsr;  rliv  : 

i  ul  i' 

virus  nuclic  :  c;:L<* 
novo  the  "'her.  1.  fiv. 
extrac ties.  ..he  eh gn  up 
virus  r.-i rev:,  1  ...ret  also  he 

t  V* ;*■  •  •»**>.*  -!  >•,  »•-*<•  •••  «t  /***■'*!  •  *  * 

•  «  V*  «  .  *  *  V.  .2.  •  »  *.*.♦.* «».  i»V/  «' 1 

cess  das'triund. . 


.  ...  </.  t  yj  k, 

C‘  .  *. 

1  **« .  .  * 
—  -1  *•  V 


‘  •  i\ 


”1  r  •  ,  I  '  «T.,i  /'  .  r  \  .  •* ■  r«  •  .  •*  f. 

i  *  Mt.tt  •»»  •  »*•(.  i»...  v  W,*,  *J  0  h  V.  I<  *  *  **  W  W  *•. 

particles  from  tho  Sophndo.:  •;•  u  v.i. 
action  lot. con  virus  and  ;  .1  ;C. 

diffusion  of  tho  vires  article..  in  ti 


w..  -  -O  * 


*-  *  %  -* 
o.  . 

•Wm  V  11. li. 

C.V  O.'C.O 

In  c 

is  u: 

>  w » j 

alls 

•  •  •  • 

...  O.'  i.  V  *- 

•  aUo 

*•<  wCi# 

Cur  a:: 

perl. 

port: 

ar.fc,  for 

in  «t 

•:  ->  i  -  •  ■ 

. 

i  high  saline 

cer.no 

V.  4  .*  *  . 

«  •  tsm  v.  v.  . . 

ill  wiw 

V  C  j.V»  ut 

of  tho  ■ 

.1.0  )./  '*  . ..  .•  :0V 


i.n  gel  f  intra  t-non,  inis  .increase-  in  voiv\.~  is  xnas/cnc'.no.  a.  b 
concentration  and  depends  coldly  upon  the  gal  volume.  I«  soul 
exceed  the  dilluiion  factor  of  1:2. 


It  vmc  seen,  as  ere  reported  oarlinr  (16),  that  a  saline  solution 
saturated  with  chloroform  shoves  bactericide  effects,  ft  til  tS:.:u,  .a 
.determined  that  vegetative  fores  of  bacteria,  molds  rad  yeasts  ...re  hill¬ 
ed  with  certainty  in  1-3  hours,  bacteria  spores  are  very  resistive 
against  chloroform,  however.  Since  pathogenic  spore  formations  very  s 
do.i  occur,  tho  treatment  of  Sephadex  gel  with  chloroform-saturated  tab, 
salt  solutions  has  sufficed.  Also,  as  mentioned  before,  to  work  under 
antibiotics  protection. 

i 

The  5J>  Formalin  solution  which  corves  to  disinfect  the  co  Humus 
after  an  experiment  does  not  ciiar.ge  the  characteristics  of  the  gel  in  an; 
way.  It  can  also  bo  quantitatively  eluted.  Vie  have  conducted  more  turn 
twenty  experiments  on  such  disinfected  columns  and  have  always  obtained 
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illustration  1.  Station  diagram  of  UES  mouse  virus  and  Teschen 

culture  virus  in  '**15$  ammonium  sulphate  solu¬ 
tion  (eocperiments  1  a  and  3  a)* 

Legends  A-ftert  •  initial  value 
Fraktion  -  fraction 
fffir  »  f  or 
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